Background and objectives With the advent of fetal screening ultrasonography, the detection of congenital anomalies of the kidney and urinary tract (CAKUT) in utero has permitted early management of these conditions. This study aims to describe the clinical course of a large cohort of patients with prenatally detected nephrouropathies.
Introduction
With the advent of fetal screening ultrasonography, the detection of congenital anomalies of the kidney and urinary tract (CAKUT) in utero has permitted early management of these conditions (1) . CAKUT comprise a spectrum of malformations that occur at the level of the kidney (e.g., hypoplasia and dysplasia), collecting system (e.g., hydronephrosis and megaureter), bladder (e.g., ureterocele and vesicoureteral reflux), or urethra (e.g., posterior urethral valves) (2) . Antenatal hydronephrosis (ANH) affects 1-5% of all pregnancies and is one of the most common birth defects (3) (4) (5) .
There has been a continuous advance in the understanding of pathophysiology, genetic basis, and natural history of CAKUT (2, (6) (7) (8) (9) (10) (11) (12) (13) . However, there are still many controversies regarding the clinical significance of prenatally detected CAKUT. In addition, the current literature about ANH lacks a systematic analysis of clinical outcomes, which might provide additional insight into unresolved issues and highlight areas where consensus does exist (13) . The aim of this retrospective study was to describe the clinical course of a large cohort of patients with prenatally detected nephrouropathies.
Materials and Methods

Patients
In this retrospective cohort study, the records of 832 patients with prenatally detected CAKUT who were admitted at the Pediatric Nephrology Unit of Clinics Hospital from Federal University of Minas Gerais (Brazil) between 1989 and 2009 were reviewed. At the Fetal Medicine Unit, each fetus underwent a detailed anatomic study aimed at detecting CAKUT and other organ abnormalities. Specific ultrasound findings, such as the presence of renal, ureteral, and bladder involvement, and volume of amniotic fluid were recorded. Fetuses with aneuploidy or multiple malformations were excluded from the analysis as well 10 patients who were lost to follow-up soon after birth.
Study Protocol
During the last 20 years of systematic approach to and follow-up of infants with prenatally detected CAKUT at our unit, the postnatal investigation of these infants has changed. In the first decade of the study, infants were investigated according to a comprehensive systematic protocol described elsewhere (14) (15) (16) . After 2000, we developed a more tailored clinical protocol (17) (18) (19) . Briefly, a renal ultrasonography (US) was performed after the first week of postnatal life, and all infants with confirmed hydronephrosis underwent a voiding cystourethrogram (VCUG). After 2009, VCUG was performed only in a selected subgroup of patients. Antibiotic prophylaxis was started on the first postnatal day and maintained according to the definitive diagnosis. Clinical examination (including growth and BP measurements), US, and laboratory reviews (including urine culture and serum creatinine) were scheduled at 6-month intervals. When the VCUG was normal but postnatal US showed renal pelvis dilatation (RPD) $10 mm, renal scintigraphy was performed after the first month (11, 18, 19) .
Outcomes
The events of interest were urinary tract infection (UTI), surgical interventions, hypertension, CKD, and death.
Covariates
The following variables were included in the analysis: sex, RPD laterality (unilateral versus bilateral), fetal US findings (isolated fetal hydronephrosis versus hydronephrosis associated with lower urinary tract abnormalities), period of diagnosis (1989-1999 versus 2000-2009) , and presence/absence of urinary tract anomalies.
Definitions
Combined data obtained by VCUG, renal scintigraphy, and sequential US were considered for the diagnosis of urinary tract abnormalities. Data from postmortem examinations were also considered for the diagnosis when appropriate. The absence of any recognized uropathy was classified as idiopathic hydronephrosis. Isolated hydronephrosis was defined as the presence of RPD without any other alterations of the urinary tract. Associated hydronephrosis was defined as the presence of RPD combined with other alterations such as megaureter and oligohydramnios. Ureteropelvic junction obstruction (UPJO) was defined as the presence of moderate or severe hydronephrosis on US associated with an abnormal diethylenetriamine pentaacetic acid scan pattern. Patients with UPJO were conservatively managed if renal unit function was higher than 40% as ascertained by dimercaptosuccinic acid scan. Patients with severe dilation who exhibited renal uptake lower than 40% were surgically managed by pyeloplasty. CKD was defined as a GFR #89 ml/min per 1.73 m 2 in two consecutive exams, and CKD stages were classified according to the National Kidney Foundation practice guidelines (20) . GFR was estimated by the formula in the work by Schwartz et al. (21) . UTI was defined as growth of at least 100,000 cfu/ml of a single bacterium in urine sample associated with fever ($38.0°C) or urinary symptoms. BP measurements were performed as recommended by the Working Group of the National High Blood Pressure Education Program (17) . Reference values and definitions of normal BP were based on The Fourth Report on High Blood Pressure in Children and Adolescents (22). For patients above 17 years of age, we considered sustained hypertension values to be consistently above 140/90 mmHg.
Statistical Analyses
The values are expressed as medians and interquartile ranges (IQs) or means and SDs when appropriate. The Mann-Whitney or Kruskal-Wallis test was used to compare nonparametric continuous variables. Odds ratio (ORs) and 95% confidence intervals (95% CIs) were used for group risk comparison. Survival analyses were performed by the Kaplan-Meier method to evaluate time until occurrence of outcomes: CKD, hypertension, death, and UTI. Hazard ratios (HRs) and respective 95% CIs were assessed by univariate Cox regression analysis. Differences between subgroups were assessed by the two-sided log-rank test.
Ethical Aspects
The study was approved by the Ethics Committee of Federal University of Minas Gerais.
Results
Baseline Findings
A total of 822 patients were included in the analysis. The main baseline clinical characteristics are summarized in Table 1 . There were higher proportions of males and patients with isolated unilateral hydronephrosis. After the postnatal clinical and imaging investigation, the most common CAKUT identified were UPJO, multicystic dysplastic kidney, and primary vesicoureteral reflux (VUR). Children diagnosed between 2000 and 2009 had a five times greater chance of exhibiting idiopathic hydronephrosis compared with those children diagnosed between 1989 and 1999 (OR=5.20, 95% CI=3.60-7.50, P,0.001).
Clinical Course
Median follow-up time was 43 months (IQ=18.6-94.7 months) for those patients who survived the neonatal period; 310 (37.7%) patients were followed up for more than 5 years, and 126 (15%) patients were followed up for more than 10 years. Median time of antibacterial prophylaxis was 29 months (IQ=18-38 months) for patients with uropathy. Regarding imaging examinations, 811 (98.7%) patients underwent at least one postnatal US, 641 (77.9%) patients underwent VCUG, 470 (57.2%) patients underwent a dimercaptosuccinic acid scan, and 399 (48.5%) patients underwent a diethylenetriamine pentaacetic acid scan.
Surgical Interventions
Two hundred thirty (28%) patients were submitted to surgical procedures. The most common surgical interventions were as follows: 105 patients with UPJO were submitted to pyeloplasty, 38 patients with posterior urethral valves (PUVs) underwent neonatal diversions, 28 infants underwent heminephrectomy and other procedures for ureterocele, and 20 patients with primary megaureter and 17 patients with VUR were submitted to ureteral reimplantation.
UTIs
During follow-up, UTIs occurred in 245 (29.8%) children. A total of 135 (16.4%) children presented one UTI episode, 54 (6.6%) children had two episodes, and only 56 (6.8%) children had three or more episodes. By survival analysis, the cumulative incidence of UTIs for the whole series was estimated as 14% at 6 months, 22% at 12 months, and 29% at 24 months. Females had a higher risk of UTI during follow-up (HR=1.30, 95% CI=1.02-1.70, P=0.05). It was estimated that, by 3 years of age, 36% of girls would present with UTIs, whereas for boys, this rate was about 30%. Of note, up to 12 months, the estimated risk of UTI was quite similar for boys (21%) and girls (24%) (Figure 1 ). As expected, there was a difference in the occurrence of UTIs between patients who had urinary tract anomalies and children with idiopathic hydronephrosis (HR=5.20, 95% CI=2.90-9.30, P,0.001). By 3 years, it was estimated that 37% of children with urinary tract anomalies would present with UTIs, whereas for idiopathic hydronephrosis, this rate was about 15%. UTIs occurred more frequently in prune belly syndrome (90% of cases), ureterocele (64.3%), PUVs (58.7%), primary megaureter (50%), and VUR (43.3%).
Hypertension
Twenty-two (2.7%) patients presented BP persistently above the 95th percentile according to age, sex, and height. However, the prevalence of sustained hypertension increased with age. The prevalence of hypertension was 0.8% for 516 patients under 5 years, 2.2% for 182 patients between 5 and 10 years, 8.2% for 90 patients between 10 and 17 years, and 19.4% for 31 patients above 17 years. There was no difference in the occurrence of hypertension between sexes (HR=0.93, 95% CI=0.38-2.20, P=0.54). Table 2 . At the end of follow-up, 14 patients had CKD stage 2, 9 patients had CKD stage 3, 2 patients had CKD stage 4, and 23 (2.8%) patients reached CKD stage 5, with a median GFR of 10.8 ml/min per 1.73 m 2 (IQ=7.6-17.7). Of 23 patients, 11 patients died within the first months of life, 10 patients were on peritoneal dialysis, and 3 patients underwent renal transplantation. It was estimated by survival analysis that the probability of CKD for patients with prenatally detected nephrouropathies was 3% at 2 years, 4% at 5 years, and 6% at 10 years. There was no difference in the incidence of CKD between the two periods of the study (HR=1.40, 95% CI=0.70-2.80, P=0.32). There was a significant difference between sexes regarding the occurrence of CKD. The probability of renal survival at 10 years of age was about 95% for boys and 99.5% for girls (HR=1.50, 95% CI=1.02-2.10, P=0.04) (Figure 2) . CKD was also related to hydronephrosis associated with other alterations in fetal US. The probability of CKD at 2 years of age was 15% for patients with fetal hydronephrosis associated with other abnormalities and only about 2% for children with isolated hydronephrosis (HR=5.20, 95% CI=2.90-9.30, P,0.001) (Figure 3) . The laboratory evaluation at the end of follow-up revealed a median serum creatinine of 0.4 mg/dl (IQ=0.34-0.54) for patients who did not present CKD. The mean estimated GFR was 127.7 ml/min per 1.73 m 2 (IQ=106.0-152.7).
Death
Of 822 patients, 12 (1.5%) patients died during follow-up. The median age at death was 1 month (IQ=3.0 days to 1.6 months ranging from 1.0 day to 5.7 months). There was a tendency to a higher occurrence of death in male than female patients with CKD (HR=2.30, 95% CI=0.89-6.40, P=0.07). Death was significantly associated with the occurrence of CKD (HR=170.00, 95% CI=41.00-228.00, P,0.001) (Figure 4 ), being born during the first period of the study (HR=6.00, 95% CI=1.60-22.50, P=0.002), and hydronephrosis associated with other abnormalities (HR=9.30, 95% CI= 2.90-29.30, P,0.001).
Discussion
In this retrospective cohort study, we report the clinical outcome of a nonselected group of pediatric patients with prenatally detected nephrouropathies. The main finding of our cohort is that the clinical course of CAKUT is heterogeneous. Undoubtedly, there is a subgroup of high-risk patients for renal impairment and other adverse events among children with prenatally detected CAKUT. As expected, the probability of CKD was higher for patients with hydronephrosis associated with lower urinary tract abnormalities and dysplastic kidneys (23) . However, the clinical course is relatively benign, particularly for children with isolated fetal hydronephrosis. Furthermore, our series highlighted the importance of long-term follow-up, because about 30% of these children needed surgical intervention or had recurrent UTIs during subsequent visits.
At baseline, the clinical data for our series were similar to the data reported in observational studies by showing a higher proportion of males and mild to moderate ANH (24) (25) (26) . There has been an agreement among several studies that the degree of ANH is associated with postnatal outcome (8, 13) . For instance, Lee et al. (4) , in a meta-analysis study, have shown that the risk of any postnatal pathology was 11.9% for mild, 45.1% for moderate, and 88.3% for severe dilatation. Interestingly, after 1999, we established a prospective protocol in which all fetuses with pelvic dilatation equal to or greater than 5 mm were enrolled to be followed up at our unit (6, 19, 27) . By adopting this criterion, the chance of identifying an infant without any congenital anomaly of the urinary tract increased five times compared with the first period of our study. Of note, recently, Hothi et al. (28) performed a systematic review of cohort studies of fetuses with RPD,15 mm. The work by Hothi et al. (28) showed that the estimated risks of obstruction and VUR were quite low, particularly in the mild group. Therefore, there are still many controversies regarding the clinical significance of mild isolated ANH. Consequently, there has been an abundant and somewhat controversial literature about the best work-up and follow-up for these patients (29, 30) . A recent consensus statement from the Society for Fetal Urology recommends at least 1 year of follow-up for mild dilatation (31) . The rationale for antibiotic prophylaxis in children with a history of prenatally detected uropathies includes prevention of UTIs, because infants with hydronephrosis are at increased risk (31, 32) . UTI rates seem to be as high as 40% in children with severe hydronephrosis (33) . In a previous study, we estimated a cumulative incidence of UTIs as 39% and 11% at 36 months of age for severe and mild RPD, respectively (27) . However, despite early antibiotic prophylaxis and careful follow-up, UTIs occurred at a significant rate in our series (29.8%). UTI was significantly associated with female sex and urinary tract anomaly. Furthermore, most episodes of UTI occurred during the first 3 years of life (Figure 1 ). Thus, a careful clinical follow-up must be considered besides antibiotic prophylaxis for young children with urinary tract anomaly, especially girls. It is important to note, nevertheless, that the accurate incidence of UTIs is a difficult question to ascertain in a retrospective study (34) .
To our knowledge, our study is the first to estimate renal survival in a large series of prenatally detected nephrouropathies. The probability of CKD was estimated at 6% at 10 years of age. The impairment of renal function occurred mainly in patients with ANH associated with alterations in the lower urinary tract or those patients with hypodysplastic kidneys. As expected, there was a higher incidence of CKD in boys. This finding is related to the fact that the main CAKUT involving early development of renal impairment, such as PUVs, occur almost exclusively in boys (35) . Nevertheless, it should be pointed out that this cohort is a relative short-time cohort, and some disorders, such as reflux nephropathy, may take years to impair renal function (36) (37) (38) .
Hypertension was observed in 2.7% of our patients. Probably, the low prevalence of sustained hypertension in our series may have been caused by the young age of our patients. It is well known that the risk of hypertension increases with age and length of follow-up (39) . Of note, 6 (19.4%) of 31 patients above 17 years of age at the end of follow-up had sustained hypertension. As expected, the risk of hypertension was greater for patients with polycystic kidneys, urinary tract obstruction, VUR, and CKD. Urinary tract obstruction and reflux nephropathy have been regarded as the most common disorders leading to hypertension in childhood (40) . In this regard, the work by Parkhouse et al. (41) showed that 7 (8.7%) of 80 patients with PUVs in an average follow-up of 5 years were hypertensive. By survival analysis of a primary VUR cohort, the work by Simoes e Silva et al. (42) estimated that 50% of patients with unilateral and bilateral renal damage would have sustained hypertension at about 30 and 22 years of age, respectively.
In our series, 12 (1.5%) children died during follow-up. Death was significantly associated with being born during the first period of the study (1987-1999), presence of associated hydronephrosis, and occurrence of CKD. Of note, all deaths occurred within the first 6 months of life. Taken together, these data show that most deaths occurred during the first years of our cohort when renal replacement therapy had not been fully implemented at our institution. Of note, in 1990, a Predialysis Interdisciplinary Management Program was created in our unit with the aim to provide full clinical assistance to children with CKD (43) . We believe that this program has contributed to improving the prognosis for these patients (44, 45) .
Our results must be considered in light of potential limitations associated with the retrospective design. The possible main weakness is the inevitable heterogeneity in the management of patients through the decades because of the wide span of time of patient enrollment in our cohort. In addition, we had difficulty in verifying with certainty the occurrence of UTIs and its features in our series. Another limitation was the small number of deaths, which did not allow the use of multivariable analysis to identify possibly predictive factors. Moreover, we were not able to analyze variables, such as renal scarring at baseline and ethnicity, that can possibly contribute to the prediction of renal outcome. We are also aware of the limitations of the estimated GFR, especially for infants and higher GFR values (46) . Nevertheless, some features of the study may increase the strength of our findings, such as the size of our sample, management by the same medical team, and relatively long follow-up.
After about 20 years of systematic approach to prenatally detected nephrouropathies, our understanding of clinical course and natural history of CAKUT has clearly improved. The main practical conclusion is that patients with CAKUT must be followed until adulthood with strict control of BP and renal function, especially for the high-risk subgroup of infants with associated hydronephrosis at baseline. Prediction of the risk of CKD and hypertension in individual cases is difficult, and therefore, regular follow-up remains the only way of recognizing these subjects. Additional prospective studies are necessary to establish risk stratification in children with CAKUT and propose a tailored approach.
